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(54) NONVOLATILE MEMORY CELL 

(57)Abstract: 

PURPOSE: To obtain a space saving ferroelectric nonvolatile 
memory cell suitable for nonvolatile storing the content of registers, 
or the like, in a processor. 

CONSTITUTION: When power is turned ON, the potential difference 
between ferroelectric capacitors 107 and 108 is brought to zero by 
means of short circuit switches 105, 106 and then the potential of 
third control input 5 is increased. Consequently, the data stored in 
the ferroelectric capacitors 107 and 108 is read out in the form of 
potential difference and amplified through a flip-flop circuit 100. 
When power is turned OFF, the potential of third control input 5 is 
lowered and the potential difference of the flip-flop circuit 100 is 
written into the ferroelectric capacitors 107 and 108 and then the 
potential difference between the ferroelectric capacitors 107, 108 is 
brought to zero by means of the short circuit switches 105, 106. 
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m^thxm^t 0, 7U ^^^d-z^ieissioot^ 

/V>*107, I08^»*ii/u«», y^l05, 106 
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A*fc©Mfc*ft^ftttl*3*l&iS 1 . »2 

WIB^t'JHKwWBJBl, J&2©Aitiai8 : PifflHEJS 
3©«»PX*a:OllIIC-t*Hfn«l*S*lfcJBl, 12© 

«^trc£*#«£-r**#»tt.* ; EU-fe;i'. io 

IBi(OAUi*«^i:«ttU. y-h£*IEm2©Affl:& 
fe2 0AttlftW?lcfflRU y- h**»E« 1 coxthtl 

*r \z mm hft m 2 © p v h 5 > * t . 

V-XSME»2©IMWAaK:SH*U KWf>S*MB 
JBlWAWAJH^cSSttU. y-h*i»EIB2©Aa* 
^(C^Lfe^3®N^V^;PS v^yvxzL. 20 

y -x s mmm 2 ©aw a* e mm l . hk>$ib 
^2©Att)*s?i:8gL > y- hSiWBJii 1 ©Ataa 

3sH^Cjg^ Lfclg 4 CD N ^ f *;HJ h 7 > i?X ? £ . 

<J -fe;Po 

[W*S3] lWESBl, S2«DPft^Hh7>y7, 
F T*6a« £ i £#® -5f»*J£l 2 E*©=F 

y-xsiiBiiomftic^i,, HK>tiB 30 

»l©AHi:&iim:attU y-h*iWESB2©AW* 
* : PfcS6«L.fcasi ©Pft*JHh7>^t. 
V-**ME»2©tt»A;&IC««U KU-f>*IMB 
Sg2©Atti?jagm;:&^U y-bZM$Z&l<DAmt) 

ffiEm 2 ©SWA7J iiWESf! 1 ©A ttJ ts t ©IWK: ft 

»B» 2 ©SWA* tWEm 2 ©A £ti7jffl^ tropes 
i^L£m2©jgin5it^£, 

SfllAfcJltSWatTaBl^lEiEO^ai^tt^* 40 

ttB£ 1 Ott»A* tWEJB 1 ©AtH*WP£©IWK:tt 

MESg 1 OW»A* tittEJB 2 ©AW^^tcorefc^ 
^Lfc^2coiSSi^t. 

V-X*M£»2©tt»Aa»cSM*U HU-f>«Me 
^lcOAUi7j^JC^L, y-h*«FEm2c7)Atil7J 

ag^ k &te l mam 1 © n ^ +• *)iw. v 5 > 5? x ^ 

<t» 50 
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2 

»2©Ata*«m;:flsttu y-h*j»E*i©Am* 
u -t 

V-A*ffiB»l©*!l1iPAafc*ttU HK>*WB 
*10AHl*JimcttlttU y-h*MES8 2©AUi* 

y-X*WE»2©«l»A*lc««U, KW>*i!3 

BzcAttiaamrsittu y-h*iWEmi©Affl* 

WES2©$iJPA7Jt*!lEm 1 ©Affl*iB^t©IWfc« 

«»EJB2©«PA*i:ME3B2©AW*ii : Pt©WKtt 
^bfc^2©n>^>-y-i. 

u -t^. 

fflE$ 1 ©HWA*tl»E* 1 ©AtHrtSS^tOIIIIfctt 
j^Lfcm 1 ©n>T ; >+)-i, 

mmm 1 ©«»a* tME» 2 ©Ata7j«^t©p B Kc^ 

y-X£MBm2©{W1iPA;frfcgeS&U FU-OSMB 

jBiwAta^w^icfisab. y-h*mE*2©AHi* 
v-x*mE»2©a»A*K:SEa!b. fw>£me 

^©AWaSl^fcttttU y-h€«fE»l©AUi* 

*«F®i-r zm&m 6 x« 7 e«© watt* * u -t 

<a)j»E*l©<W»A*©*ffiS»»«ffifcJR«b. M 
E^ 2 A:fc©*tt*««*(fcKK!jrr3 C Icj; 

(c) MBSl. i2©X-f7^f^lItiiLT. 
MG*%UiaKa&i. »2©Affl*SB ; P©«{t*«iE 
m3©*iJffilA7J©m©i:^L< 

(d) tfrsmi. i2©x-f7ftf$Mi«iii > 

(e) MEm 3 ©ftijffll A7J ©«fi$rm 1 ©*fic t -5 
m2©«fi:fcl2«LTffl[E^SIS#:*V/X'>^|lflCS^ 

(0ME»l©IW»«^©«tt**««ttfc:K3eL, m 
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unra&ftjsttf'ku mum* ^©AtHAsrFomffi 
Jk 

0] «K!SMfi»k:. 
(OffiEM 1 ©«»A*©«ffift«**ffcK:Rjeu W 
§2Sg 2 ©ffl»A*©*«fc*»*MtffiK:W3£-r* HtCi 

OttG^UBttSSttftL. io 

eg i ©tttcxxu 

resg 2 ©«i»A*©«tt**«*ffifcK3e-ra :tc<t 

flffffi^UB&WflJSBail, sg2©AW^«^©mfift 

flfl8B*3©IWWAa©*ti:£«Sb< L> 

ffiE * t U [HlSS©fBtt 5*- ^ ft m nZ&ffin&* * /\ -> * 

fc»*atmtft»«a:'r*5F**tt^ : EU-fejp. 20 

1 1 ] wimm 1 ©«##«*«*&•*?* 0 . sag 
k 2 oifi^iiifit^^u «h ft# m<fr?.f»*3s 9 

[^©fNffl&Iftej] 
[0 0 0 1] 

5. 
[0 0 0 2] 

[fiE#©&flr] ifi¥, PZT (v;Prj>^^>^) 30 

txr'J^tt^ft^ 3a»tt#*t& ft * =e u -fe ;kc 

U©&^T. SRAM (X^^-f - 7>y&7?±.7>* 
^U) ^-f y©»^tt^ ; EU-fe;U(C^m#:+^/V>^ 

ft«^bfc«ligft^t>^»^tt/qEU-kJl/*^3l5#aJi 

[0 0 0 3] ^^U-feJKDy— \ t \Z$mnfc*W>'& 

*»«Ufcffi*©5F»»tt^^g-fe;ptbT. 0 9K. 

©tifi^^Jft^T. dtlte, TShadow RAMj <t— &\ZW$ 

[0 0 0 4] 09 KfcHT. 7, 8lie7hi, 9«"7 
-F*, 10~14«^D<>^A*{g^T^-5. 101, 102« 
Pft*;i'h7>^Xi' > 103. 104«N^*.^hy > 
v'X^T&O, h5>vX^'101~104tt^ ; tU-fe;i/©^ 
-f&mfa-rzyVyzfya-y-/ (CMOSIX^f^ 
•y^RAM-t^) ftflffijcLT^-S. 107. 108te3£K«#* 
Wti'*. 109, llOte^U^^a^©^/-^ 
t'5/h^7. 8 \zmm-?ZTi?-\z7> Y=yyi?7,9. 11 50 
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1, 112«#gf£ffl h7>^^, 113. 114«$Si(&r-7>^ 
X^Tfe-5. £t*5, ftUm H5>S>AiMll, 112«iiS 

7, 108trit^eit$tl^^. 

[0 0 0 5] 0 1 OfC. #SB¥5-242667^«fcH^$ 
nfc»R«#3F#«tt^ * U -fe;P©«fi£0iJft^-r„ 0 1 
OKfc^T. 9tt>7-h*^. 10. 11. 12. 13, lUZtrn 
yZXttm^s 15. 16«2{@©5 ; -5'Aai*{i^. 17« 
/tX h7>vX^118©A^«^. 18SyUh5>y'X 

i, m\tp^**)i>mR$)mm h7>^x^, 103. 104 

HNfv*;H#MIh7>y^^, 107. 108«3£i£ 
«4*+^/t->^, 109. 110ti7^-fe7; h^>^X^, 11 
1. 112tt«-|«fflh7>S?A^, 113, H4«*S*&hy >v> 
X^. 116, 117«#^m#:^ J p/'?->^, 118«5it8§«#: 
5F»«tt * =E U -fcJH 1 4fc»|*S tlfc/IX h 7 > /X * 

[0 0 0 6] 01 0©|e]?S©J§£. 3fi^#^i¥38tt* 

^Ui^HiscDtBTay-Fte. /ix hy^x^iisco^ 
-hicasaisnTUo. u-fe;ui5©Ei* 

^IlioT/U h5>^X^118OT;t>/:*xa*$W 

£©£©. ^©iS&^WfBtt^Uir^ftfl] 
m?Z>Z.t\Z&<0, S#«JEET»£ife*.EirflB-ttPLA (Pro 
grammabie Logic Array)A*^531"t?^-5. 
[0 0 0 7] 01 1 fc. 1#M¥4-367l2Off&38t::0Bjfc$ 

ltC&^T. 6tt@fefflWt4». 7. 8tthfyMI. 9 

10, 11, 12, U\ZZUy>7Xt>mn. 10 
1, 102, 103, \M$7Vy77Uy7ZmtfLTZ>h?> 
v'X^. 119tt®«&h^>> ! X^, 107. 108tt^g|«#: 
+ ^r/t->^. 109. 110te7:7-feX hy>>>X;5\ 111. 1 
12«#$UB r-5>> s X:5'T&-5. COBSStt, 0 9. 0 

i o »c*"riais*»6!ftR«flE* * Avj ta«fimemft . 

M«&-r-5 h^>v 7 X^113. lUftUtOH**, 7Uy/7 

□ y y©tti73 y - b-fyjftsjrr s h 5 > >*x ^1 i9ft^ 

[0 0 0 8] 

fc»««#^*«tt^ ^ >j -tr^ftfijffl-r^ £ 
n?>„ 

[0 0 0 9] Lfrbftate. 09-01 ltC^L^:3tif| 
X^109, 110. ftMm h?>z?7>9\\U 112^*^Si 

[0010] '&^T*%w<DBmt, ±ens^ft«ft 

U J;0«ffltt^^m#:W^tt^^'J-t:;uftg«-r 
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(0 0 11] 

mi, &2<DMMAt)\zjiiomm2n, mm 

Jg2©Aa#S^£lil3©3iiJfi?A;'Ji:©r B 1 

2©^^?*^. tret -r* 
^^•j-fe^sa^-r*. - io 
[0012] *ft9ie7iVfttt* : e | J-fe;i'ic&v>Ttt. 

wxti\zmmv, vu^y^mmmKoxtati^^zm 

Pft^Hh7>^^t, V— X**HEJBl©Mf| 
A#»::««U FH->*t5fB^2©AW^SSTlc^ 
b, y-h*fflrBSSl©Aa*»?K:a5t*bfcfll2©P 

*K«ttu FuiyzmmmicDAMtiffiTizmm 

b. y~h$WB)ff2©AUft^lCttflKs£:)S3©N 20 
T^^JHih^yyx^i. y— X£ffiBS5 2©IWflA 
7JfC«^b. HW >SMI2m2CDAUi^STtra^ 
U y-h£fflBJSl©Aa#»^fc8a*bfcl64©N 

5. 

[0 0 13] ^WOWItt^^'J-fejUC^^Ttt, 
[0 0 14] #58^©^#f8t$;*^Ui*;HC:j3Vvrfcfc, 

ff£b<«. i»E**UE«8tt, y-x*#»B»ioiw 30 

«U y-h&ME^WAaaWFfcSMfcbfc^l© 

Pft^nh7>-^^i. y-*«j»ESS2©tt» 
u y-h*w(ajgi«75Aa**B^c«i«L&jB2©p 

^^^JU^h^yyx^t, MB*6 2©IMflfAa£tfE 

MliB^20WA*a:MIB^2©Aa*ig^t»PflC^ 

[0 0 15] *^B^©W%tt^^U-fe;K'*3^Ttt. 40 
ff£b<tt. iWE^UHJgSte. aftffi»l©ft|»A*i 
fflGS 1 ©AtHflSB^fcOIWKSttLfcfc 1 ©ffiiaSS^ 
£> WfB^l©«fJPA*tWE^2©Atb^^ : f : i:WF f g 

K&^bfcfg 2 ©stasia y-xswia»2©«w 

A^fcttttU H b-f >£jfflESfl 1 ©AUi*SS^ 

b. y-h*MEJS2 0AW*i|IKFK:tt«UfcjWjE»l 

©N^-v^HJh^yv'X^i:, V-X^iEf 2©« 

WAtHzmmL. HU"f >«i»EiB2 0Am*ii ; pfctt 

ML. y-h£jfflBm©AW;&*^fctt*lfcb;fci[S2© 
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[0 0 16] #f^©*j«8tt** y-fe;PK:fe^Ttt» 
#£b<«. ME^'JIelggte, V-^*HE»10« 

1Kb. y-h*lfEJ8 2©Aa*i8 J flcasttb*:»i© 

pft*;n h7>^^t. y-xswE»2©«d» 

b, y-h*mE*l©Aa** : FK»«bfc»2 0P 
ft^Hh7>^t, ffiESS2©«»A:&£ilM3 
M l OAHJA*ftoffil:»tt&« l ©n y^y-tJ- 
i. ittEJB2©IW»A*ilttE*2©Aa*« ; fa:om 

[0 0 17] #*9i©*if«tt**y-fc;l'K::m>Ttt, 
i?£b<te. fflrE^^'JEKtt. ffitIBmi©SiJ»A7J<h 
ffltE£ l OAW**PioniIlc«l«bfcJIS l ©n >f> 
•tJ-t, ffiEJgl©fMWA#£i!tfE&2©Aa£ffl?<i© 

n«ctti*bfc*2 © a >r >■»*-£,. y-A*WE* 2 © 

«»A*K«l«b. Kb-fy*WEmi©Aa73ig^t 
S5«b. y-h£IWE»2©Aa*«^fc&ttbfcJSl 
®Nff^;H!h7>^^t. y— X*WEm2©$iJ 
»A*K:85ttU HK>*ME»2 0Aa*iB ; FtcS5 

ittb, y-h&MEm©AaAW?KB&ttb&as2© 

[0 0 18] *f8BJ<D^J¥»tt*^ Ut;i4c:fc^T«. 
»SL<H ±En 

[0 0 19] *ft«0?&fttt* : E'J'1r;i'C43fr>TI*. 
*?£b<«. *MSAP#('. WNGKl ©SiJfflA^J© 

•ffifcSHlMMfcKIKtb. fflE»2©M»A*J©«fl:£ 
•WttiCKRjg?- * H i K «fc 0 ME^^r U EH»S#JStt 
ftU (b)WEm3©«iPA^©fl^$^l©«{4fry* 
Uft-yL. (c)MEil. JB2©A-f y^*^** 
IttltbT, ME^^&UlElSS©^! . W,2<DX\hti^ 
^©Sfe*WE^3©SiJWA*©mffii:^b<b, (d) 
1»B»1. *2CDX-f y^-SlS^S^attietb, (e) 
fl»ESB3«)*|»A*©«fir**l 0«fttl4a&*S8 2 
©*& tc^:£ b tMeMRl^ t/tvi- ffl cifii * 
dfcEfcU j»B*l, ^2©Aa7JiST±»C. »8i«#© 

(OlWE*l©«!»fll^©«|flr*«Kmfir»cM!Sb. m 
B&2©lH»«*©«ffcStt»*ti:fcR£bTfl»E** 
»JEtt*fiHt{fcU meJBl. ^2CAtB*fflfOlfi 
26*JtHbTft«fca*b. MEttff«ft:*W*3'jriz 
EtS £ tlT US x- * srsss^-a-r £ <fc £#18 -5 . 

[0 0 2 0] *5SW©^»^tt^^E»J-fe;PC*5^Ttt. 
ffSKH «B««I5K:. (a)i»E«l©IW»A*0 
«flc£«S*<fcfcKj£U MEiS2©*|»A2i©*tiC* 
SfftlttlcKStS C t fc <k 0 ME* =E U HKSJSttft 

b. a)mB*3©tt«PA*©«tt*MB«2©«ffi* 

6j»E»10«tii:«IU. (c)jWE*l©*d»A*© 
«ffi«tttt«ffiK:K£b. MEJS2©fW»A*©«tt« 
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fcU (d)WEJBl. »2W^3rFSiM»t 
It, fflBB^'JIell&epilMBJBl. Ii?2 WAttiTjffi^co 

[0 0 2 1] 

HMH *^B^(c<i:n«. ^ssi»^tt^iEUt;i' io 

7^-feX hy >>>X^, ^Hlffl by i'v'X^SrJS 

fe'hsatoibT^s. tit. ^fgHjK&^-na, 

©W1WA*<Df|{fl[*±#$#Sitt«fc0. 3ilif®#:* 

r /t -> ^ ictstt s nt ^n-r— &m&m t. l t^*-k 

«J|g«J»f^r»c«, li£3©ftWA;*j©mf££Ttf. 
7U y ^7ny:/®S&©mftM£&^#*WV>^{;; 20 

[0 0 2 2] 

[0 0 2 3] Hlfcfclrvr. 1, 2«JB1. ^2 CD 2 -3 
Offiffif-^Alil*«^, 3ttjfSl©lW»Aa. 4 teg! 

2<DfflfflAt>, 5itm3<Dmmxti. 6\tmi&mmm 

101, 102ttP^V*;P«»«l*a!h5>^X^, 10 
3. 104«N5 ij l'^;Pmi?-^)m^ hy >> J X^T*0 hy 30 
> x'X y- 1 0 1 ~ 1 04te y U y ^7 D y y*EJg§l 00 b 
T^S. 105. I06ttN^+^.;i/m^*l! 
( rfifc-f-^j tfc^S) . 107, lO8tt»0$tt#:*- 

5. 106tt7'J y^Dy^HBSioooAffi^jy-HtJB 
3 ©SWA?} 5 tOMlCSaRmfM^/t 5/^107. 108K1 

[0 0 2 4] 0l4#ItT, **1M©7U'>7'7U 
y^IUSSlOOte, Pft^JH^MiH5 >^X*10 40 
1. 102. N?r*;PS^*S!by>vXy-103. 104© 
4^fflh7>yx5'A^M^tlW5i!|5 > ^TlC^-T 

[0 0 2 5] #J;U£. 02»C^-TJ:5t. 01©P-?-\- 
*-«'«»S»*IHh7>^^101, 102£TFT (}§®lb 
y>>>Xy-) T-MLTtiK 

[0 0 2 6] 02l:St±5[;, 01©N^-f* 

h y > i^X^103. 104©#*:b OK 2 0©}g 
taSm20, 12l£J? ALTfciH. 

[0 0 2 7] 0 3 K^rrf SlfflPft 50 
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^miF-^l! h y >> J X^101. 102©#>:bO 2 O© 
JSttS)m20, 121*JfAUT"b«t^. 

[0 0 2 8] 0 4fC^-r<t'5IC. 01 ©N^-v^M/*!?. 
^mMhy>>?X^103. 104O^t)0('2-3<D3>x> 
+N22, 123£fliALTfc<k^„ 

[0 0 2 9] 05('^-r<tp(C, p^-v*;u*isl 
^mShy>> J X^101. 102OA^0('2rxDn>5 ; > 
•y-122, 123£jf Al-T<i;H. @4. 05©|eJg§4> 

^ 5. 
[0 0 3 0] 0 6R£K0 7©&J£0£#J&LT, 

0 1 \zmT*&mm<DW}ft : §:mw?z. 0 6«. sags 

AP*©lMts«», 0 7tt*jg^)»iB#roilj^^^^^-rjS 
[0 0 3 1] ^SfejfiWloaiRW^ffRtt^^U-fc^fc 

^■wv>y-io7, io8^e>7U yy°yay7°m%&\oo^?) 
7- * comm. BP-6^*58tt«»^6#«ttaB»^oD 

- b* teHiiCS AP3 Cfrfrn, 7 'J y 7:7 n -y y[5ig§ 
lOO^e. 3t^tt#:+ f /t -> 9 1 07, 1 08^\CD-r — 9 ©fe 

[0 0 3 2] mraSABt. I6^#IbT. MT1 
t?. m ©fflHA* 3 ttttHMBMfc. * 2 ©IMif A* 4 tt 
ttHfttt. £ 3 ©»»A# 5 t£»*!i«&. @j&*Wfs^ 
6ttmaMS&tCig^$n-5. £©££. 7U777D7 
>f|El»100tt#ffittfls£ft. 2 2©M*{i 

[0 0 3 3] IMT2f. JS8HWWfi#6©*ft*»N^ 
r^;PS#»!imMhy >-^X^105. 105CC>L^VijitmjE 
V lb &±0SiN5 1 i'^.;P«|fS!)*l!hy>v'X^lO 
5, 106tt*iatti8a:a:Offl»X-f 7filt^L, 7 
U y ^7Py T'lHlgSlOOWtiiTjK 2tt<t fetC^ 3 OfrJP 
A*5cotfi (=»fl6«ffl[) l'^L<^ta-5. 

[0 0 3 4] HlflTl. T2TH 3t^**+^/t->^ 
107, 108WfcA»*»a«ffiSStt, filRX-f y^©»*lCJ: 

m#:^V/t->^107. 108(-fBt»Snfct»S*^©F H 1fCffi[ 

[0 0 3 5] JfcfC, ir»1T3T, S««f»li^6$jSU 
^l/fcTtf. N5 i ^^;umif^*lihy>> ? X^105. 1 
06fc#*att8fc-r*. f IT, ^3<D$iJfflIA73 5$rii5 

(=mmmm \z±ifz. 
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$ CD 7 U y 7* 7 P y ^lejg&l 00^ CO D — h* *tg7t5 . 
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[0 0 4 0] JMMT 5 Ttt. Sg 1 CDf&WATj 3 

«>. ^Uy^Py^EIttlOOttSttYtatlT^*. 

[0041] mmT 6 t, as 3 ©©j^ a?j 3 
« b a> <=> d ic , femmfc* /1 ~> ^ 1 ozco^m\t c ^ <=> 
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Sf&ii^D. 7U •>'7 P 7P-y^lHJS§lOOCOffi^ 1 . 2« 
£t>fc:»3©tt«iA*3©«{i|r (=«flfem^:) fc*L.< 

[0 0 4 4] d©^*, 3£8t«#*W*'>:5M07©#8r 
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&<&5KT0-e&-5. 



8 - 2 6 4 7 2 8 

10 

[0 4] 01 4 , <O7U-7 7 p 7P^y[e)?Sl00CO^4COli 
*££*-r0-Tra5-£.. 

[0 5] 0 1 ^©^u 77oyy°\2imoo<Dm5CDm 
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3 ffi 1 ©ffl»A*flMI 

4 M2CO$)JffllA73fi^ 

5 &3omwAt>wm 

6 JgfftfflfPtt* 
7. 8 \f.v 
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